Aims To use simulation to estimate the impact of alcohol taxation on drinking, non-fatal violent victimization and homicide in New York City (NYC). We simulate the heterogeneous effects of alcohol price elasticities by income, level of consumption and beverage preferences, and examine whether taxation can reduce income inequalities in alcoholrelated violence. Design Agent-based modeling simulation. Setting NYC, USA. Participants Adult population aged 18-64 years in the year 2000 in the 59 community districts of NYC. The population of 256 500 agents approximates a 5% sample of the NYC population. Measurements Agents were parameterized through a series of rules that governed alcohol consumption and engagement in violence. Six taxation interventions were implemented based on extensive reviews and meta-analyses, increasing universal alcohol tax by 1, 5 and 10%, and beer tax by 1, 5 and 10%. Findings Under no tax increase, approximately 12.2% [95% credible interval (prediction interval, PI) = 12.1-12.3%] were heavy drinkers. Taxation decreased the proportion of heavy drinkers; a 10% tax decreased heavy drinking to 9.6% (95% PI = 9.4-9.8). Beer taxes had the strongest effect on population consumption. Taxation influenced those in the lowest income groups more than the highest income groups. Alcohol-related homicide decreased from 3.22 per 100 000 (95% PI = 2.50-3.73) to 2.40 per 100 000 under a 10% universal tax (95% PI = 1.92-2.94). This translates into an anticipated benefit of~1200 lives/year. Conclusion Reductions in alcohol consumption in a large urban environment such as New York City can be sustained with modest increases in universal taxation. Alcohol tax increases also have a modest effect on alcohol-related violent victimization. Taxation policies reduce income inequalities in alcohol-related violence.
INTRODUCTION
Violence and homicide continue to be endemic public health problems in the United States and are disproportionately concentrated in urban areas and large cities [1] , suggesting that a public health focus on these areas in particular will have the largest impact. Further, there remain substantial socio-economic disparities in violence burden, with those in the lowest socio-economic strata most likely to be affected [2, 3] . Among homicide decedents, alcohol is detected in approximately 40% of cases [4] [5] [6] , which is more than all other substances of abuse combined.
Control of alcohol-related injury and violence requires population-level policy interventions [7] , and in reviews of policy effectiveness for reducing alcohol-related outcomes alcohol taxation has among the most clear and compelling evidence for efficacy [7] [8] [9] . Meta-analyses and reviews combining more than 100 studies of alcohol taxation have converged on moderate effects of alcohol taxation on a diverse array of alcohol-related outcomes [10] [11] [12] , including effects on violence [13] [14] [15] . The effects of alcohol tax and price on alcohol-related outcomes are typically reported in terms of price elasticity, or the extent to which buying behavior changes with changes in price. When goods are inelastic to price, then price increases will have small and diminishing effects on alcohol consumption, increase tax revenue and increase the amount of personal income spent on the good among consumers. The most recent meta-analysis indicates that, for example, the price elasticity of taxation and price on heavy drinking is approximately À0.28 [11] , which indicates an approximately 3% decrease in heavy drinking given a 10% increase in price.
However, there remain important gaps in our understanding of the effects of alcohol taxation on alcoholrelated health problems which existing observational data are ill-equipped to address. Elasticity through taxation varies by income [16, 17] , by type of beverage (beer, wine or spirit [18] ) and by type of consumer (heavy drinker versus light drinker [11, [19] [20] [21] ). Simulation studies have estimated that heavy consumers pay as much as five times the cost of taxation compared with moderate consumers [22] per capita. Thus, alcohol taxation will affect different groups heterogeneously; while previous studies have estimated variations in elasticity across each of these groups in isolation, the conjoint effects of all three have not been considered. This is important, as cities and neighborhoods differ on average income as well as beverage practices simultaneously, and both probably modify the effectiveness of alcohol taxes. Further, the population-level effect of alcohol taxation on violence and homicide also depends on the level of violence in the community and the characteristics of social networks of drinking, which are difficult to untangle in observational data given the dyadic nature of violent interactions between a perpetrator and victim [23] , and the homophily of social networks with respect to drinking levels [24] . However, these dynamics are key to understanding the potential bounds of effectiveness of alcohol taxes among different populations.
Because of the complex system in which these interactions are embedded, the assumptions of traditional approaches to assessment of these effects are often violated. Agent-based models (ABMs) [25, 26] are an analytical approach that has been used to examine neighborhood and community influences on alcohol consumption as well as violence [27] [28] [29] . Because ABMs consist of simulations that follow prescribed rules about the characteristics of agents, their networks, contexts and behaviors, we can conduct simulated policy experiments without violations of model assumptions, issues of resource costs or ethical concerns. Further, ABMs allow us to specify interdependence between agents and the spread of agent behaviors, thus capturing the complexity of social networks in which alcohol and violence occur. The present study uses an ABM to estimate the impact of various approaches to alcohol taxation on drinking, non-fatal violent victimization and homicide in New York City (NYC), while incorporating social networks, neighborhood influences on alcohol use such as density of alcohol outlets and simulating the heterogeneous effects of alcohol price elasticities by income, level of consumption and beverage preferences.
METHODS
We developed an agent-based model (ABM) simulating the dynamic processes contributing to violence among adults in NYC, including the interactions between victims and perpetrators within specific geographically defined spaces, and the influence of social networks on both alcohol consumption and the risk of violence. Figure 1 illustrates the relations included in the model, which builds on our previous ABMs of violence in NYC [27] [28] [29] . Data from NYC sources were used to parameterize and calibrate the model when possible; when NYC data were not available, national or other community-based data were used (see data sources in Supporting information, Table A1 ). Parameter values from the data are taken as fixed, non-random quantities. Key components of the model are summarized below; additional details concerning model parameters and processes, including a description of the model following the ODD (overview, design concepts, details) protocol [30, 31] (Supporting information, Appendix 1, includes statement of purpose, entities, state variables and scales, process overview and scheduling, design concepts, initialization and submodels), initialization parameters and default values (Supporting information, Table A2 ), flow-charts illustrating steps in the model (Supporting information, Figs A2-A3) and pseudo-code for the model (Supporting information, Appendix 2) are included in the Supporting information Appendices.
Each model step represented 1 year in time, and the model was run for a total of 10 years. At each time-step, agents could change their location, drinking status, victimization and perpetration probabilities, all based on the developed history of behaviors and location across model runs.
MODEL COMPONENTS AND INITIALIZATION

Agent population and neighborhoods
The baseline agent-based model used for initial parameterization has been described elsewhere [28, 29] . Briefly, the population of 256 500 agents was initialized to approximate a 5% sample of the NYC adult population aged 18-64 years in the year 2000. Agents were assigned to each neighborhood, proportionate to size, so that distributions of age, sex, race/ethnicity and household income matched Census data for each of the 59 community districts in NYC for the year 2000 [32] . The year 2000 was chosen because most data used to parameterize agent behaviors were collected in the mid-2000s. Individual behaviors were influenced by neighborhood characteristics and vice versa. We varied the influence of neighborhoods on individual behavior in sensitivity analyses examining overall violence and alcohol-related violence, presented in Supporting information, Appendix 3.
Alcohol outlets
Given associations between alcohol outlets and occurrence of violence [33] [34] [35] [36] , we used data from the New York State Division of Alcoholic Beverage Control (NYS Liquor Authority, 2002) to specify locations of alcohol outlets in neighborhoods, and the model was parameterized to account for variation in violence by outlet density. Details are provided in the Supporting information, Appendix 1, and a sensitivity analysis on the influence that violence near outlets could have on future violence and alcoholrelated violence risk is presented in the Supporting information, Appendix 3.
Social network
Each agent was assigned a target number of close ties, with an average of three ties per agent [37] . Agents were matched based on age, sex, race/ethnicity, education, drinking status and spatial proximity, such that agents who were more similar and geographically closer to each other were more likely to become social ties [37, 38] . For simplicity, social network members matched to a particular agent at baseline remained that agent's social network for the duration of the model run. Based on empirical social network literature [23] , an agent's ties increased the probabilities of the agent becoming a victim of violence or a perpetrator by up to 100% if the agent was tied with other agents who were victims or perpetrators. The number of ties with agents of a given drinking status also increased the probability of transitioning to that drinking status by as much as 15%. Because empirical data verifying these estimates are relatively few, we varied the percentage of influence that the social network could have on individual drinking status and violence and examined rates of violent victimization and alcohol-related victimization in a sensitivity analysis presented in the Supporting information, Appendix 3.
Aging, mortality and movement
At each time-step, agents aged by 1 year, an empirically defined proportion of agents moved to a new neighborhood in the model, and agents died consistent with 2000 NYC adult all-cause mortality rates [39] . Agents' probabilities of moving were based on their income, duration of residence in their current neighborhood and experiences of violent victimization at the last time-step, calibrated using data from longitudinal studies in urban areas [40] and the Panel Study of Income Dynamics [41] . Each agent who died was replaced with an 18-year-old agent with the same characteristics and neighborhood location as the deceased agent, thus maintaining a constant population size and composition in the model, except for age structure.
Violence
At each time-step, each agent could perpetrate violence and/or experience non-fatal or fatal violent victimization. Dynamics of victimization were based on a simplified routine activities model [42] . Probabilities of violent perpetration were calculated from nationally representative longitudinal data collected among adults in the United States [43] , and non-fatal violent victimization probabilities were estimated from a longitudinal study of 2752 adult residents of the NYC metropolitan area with three waves of follow-up [44] (see Supporting information, Appendix 1). Homicide probabilities were informed by data from the Office of the Chief Medical Examiner in NYC [44] . Consistent with research finding important influences of social networks and neighborhood conditions on violence [23, 45] , social network characteristics contributed 15% and neighborhood characteristics contributed 10% of the agents' probabilities of homicide, non-fatal victimization and violent perpetration. These weights were varied in sensitivity analyses (Supporting information, Appendix 3). Homicides and violent victimization were deemed to be attributable to alcohol if the perpetrator or the victim were heavy drinkers at the time of the encounter.
Based on the aforementioned probabilities, potential victims and perpetrators were identified at each time-step. Potential perpetrators (i.e. those with a high predicted probability of perpetrating violence) searched a 15-cell radius around their location for potential victims (i.e. those with a high probability of being victimized); any such agents who had not already been victimized at that timestep were matched to a perpetrator unless a police officer was present within a two-cell radius of the victim, in which case the potential victim was protected from violence. The 15-cell radius was determined during the calibration process as most accurately achieving empirical estimates of victimization and perpetration in the model, and the cell radius for which violent perpetration could occur was varied in sensitivity analyses detailed in the Supporting information, Appendix 3.
Alcohol use
Each agent was assigned a baseline drinking status: nondrinkers, light/moderate drinkers or heavy drinkers. Drinking status was based on predictive models including individual-level characteristics, social network characteristics and neighborhood characteristics, with parameterization based on a range of NYC-centric and national data (see Supporting information, Appendix 1). In addition to drinking status, agents were also assigned an average number of drinks per day. This value was selected randomly from the empirical distribution of drinks per day for each drinking status observed in the data. At each time-step, the agent could change drinking status; transitions were predicted using individual, social network and neighborhood predictors.
Beverage types
Agents could choose to drink up to three types of alcohol: beer, wine and spirits. Calibration of beverage type was based on nationally representative data collected among adults [43] where respondents were asked how often they consume beer, wine and spirits in separate modules; frequently consumed beverage types were then predicted by demographic characteristics including age, sex, race, income, education and drinking status. Frequency of consumption of each beverage was not mutually exclusive: for example, agents could frequently consume all three beverage types or have a preference for a specific type (e.g. exclusive beer drinking).
MODEL CALIBRATION AND INTERVENTION SCENARIOS
During model calibration, ABM estimates were compared to empirical data on total and neighborhood-specific population composition. An iterative process [46] was then used to adjust predictive equations and initial conditions in the model until estimates closely matched the empirical data (see Table 1 ).
Each model was run for 120 time-steps. The first 110 time-steps were discarded as a 'burn-in period' [29] , during which the distributions of characteristics such as age, mortality and history of violence for agents and neighborhoods converged; the length of time of the 'burn-in period' was necessary in order to obtain stability in the estimates. Only results from the final 10 time-steps were included in analyses.
We implemented alcohol taxation policies under several scenarios. First, we considered the effect of a tax on any alcoholic beverage at three levels: 1, 5 and 10% tax. The effect of these taxation levels on consumption were modeled based on empirical data sources on price elasticity ( [10, 11, 18, 19] and see Supporting information, Appendix 4). We used data from three studies to establish price elasticity: data on elasticity by beverage type (beer, wine or spirits) were drawn from Wagenaar et al. [11] , the most updated meta-analysis of 112 studies of taxation and consumption. Wagenaar et al. [11] also published elasticity estimates by amount of drinking (heavy, moderate, light). Additionally, we used data from the meta-analysis by Nelson et al. [9] , which published data on elasticity by quintiles of income. Given that elasticity across the joint distribution of all three of these variables is not available in these studies, we assumed a constant marginal effect (e.g. the elasticity estimate for beer did not vary across income levels, and the elasticity estimate by income level did not vary by beverage preference). That is, we assumed that the elasticity estimate for heavy drinking beer consumers with low income was the product of the three elasticity estimates for heavy drinking, beer consumption and the lowest income quintile. Thus, beverage type, income and consumption each had a main effect on consumption, and we generated 30 different elasticity estimates from the 10 elasticity estimates reported in meta-analysis (shown in Supporting information, Appendix 4).
Secondly, we considered the effect of a tax on beer consumption, as it was the most prevalent type of beverage consumed. Taxation was applied throughout all neighborhoods, but the effect of taxation on drinking was allowed to vary by income, beverage type and drinking status (nondrinker, light or heavy drinker). In NYC alcohol is subjected to several taxes, including a New York State excise tax on sale or use, as well as an additional NYC excise tax on the sale or use of beer and liquor containing more than 24% alcohol by volume. Taxes on alcohol in NYC have had some adjustments over time (e.g. inclusion of a city excise tax for wine), and while taxes on high-content liquor are among the highest in the nation, taxes on beer and wine are slightly higher than the median; our tax estimates were based on overall estimates of elasticity from meta-analyses, thus changes in the NYC tax code have limited impact.
Five parameters were chosen for the sensitivity analysis. The first two are weights for the impact of neighborhood characteristics and social networks. Various events in the model, such as violent victimization and transitioning drinking status, are governed by probabilities constructed from individual agent, neighborhood and social network characteristics. The neighborhood and social network weights determine the percentage of the contribution these classes of variables have on the probabilities. Additionally, we varied the radius around an outlet within which it will be affected by a violent event, the radius for which an agent will look for an alcohol outlet, and the radius for which a perpetrator of violence will look for a victim. These latter three parameters set the distance at which outlets affect agent behaviors and agents interact with outlets and each other. Finally, we also added a sensitivity analysis in which we ran taxation interventions in a model without social network and neighborhood effects in order to determine the extent to which the model results were impacted by these layers.
The model was developed using Recursive Porous Agent Simulation Toolkit for Java (RepastJ, version 3.0), and implemented in Eclipse (version 4.2). To account for the stochastic nature of the modeling each model scenario was run 50 times, with the median, 2.5th percentile, and 97.5th percentile reported from across the 50 simulations; variation is due to the stochastic nature of the model. Table 1 shows the characteristics of the agent population. The overall distributions of key parameters closely mirrored those empirically estimated from NYC-based and national data sources. Table 2 shows the effect of taxation on the prevalence of drinking, alcohol-related violence and homicide. Universal alcohol taxes decreased the proportion of agents classified as heavy drinkers: under no tax increase, an estimated 12.2% [95% percentile interval (PI) = 12.1-12.3%] of the sample were heavy drinkers; this decreased to an estimated 11.5% at a 1% tax (PI = 11.2-11.8%) and to an estimated 9.6% (PI = 9.4-9.8%) with a 10% tax. Universal taxation also slightly decreased light drinking, from an estimated 41.3% (PI = 41.2-41.4%) under no tax increase to an estimated 40.2% (PI = 40.0-40.4%) under a 10% tax. Results were driven primarily by beer taxes; the heavy drinking prevalence decreased from an estimated 12.2% (PI = 12.1-12.3%) to an estimated 10.5% (PI = 10.2-10.7%) by only increasing beer tax by 10%.
RESULTS
Taxation had little impact on overall violence (see Table 2 ), but reduced alcohol-related violence. Alcoholrelated homicide decreased from an estimated 1126.7 per 100 000 under no tax increase (PI = 1097.6-1169.6) to 870.3 per 100 000 under a 10% tax (PI = 833.0-906.5). Similar reductions were observed for alcoholrelated homicide. Indeed, considering that approximately 6000 of the 15 000 homicides per year are alcohol-related, this translates into an anticipated benefit of approximately 1200 lives per year. Similar to the results on drinking prevalence, the reductions in alcohol-related violence seen in the universal tax could be almost entirely achieved through beer tax alone. Figure 2 shows the reductions in heavy drinking achieved through taxation by level of income. Those in the highest income groups were most likely to be heavy drinkers, but were the least affected by an increase in taxation (e.g. a 10% increase in universal tax decreased the proportion of heavy drinkers in the highest income group by 0.7 percentage points). Those in the lowest income group were the most affected by taxation (e.g. a 10% increase in the universal tax decreased the proportion of heavy drinkers in the lowest income group by 3.9 percentage points). Figure 3 shows the reductions in alcohol-related violence achieved through taxation by level of income. Similar to the results for changes in consumption by income, those in the lowest socio-economic groups experienced the highest reductions in alcohol-related violence, compared to those in the highest. At baseline, the rate of alcoholrelated victimization was an estimated 1980 per 100 000 among those in the lowest income group and 480 per 100 000 in the highest. At a 10% beer tax, alcohol-related violent victimization decreased to an estimated 1620 per 100 000 in the lowest income group and 440 per 100 000 in the highest. As such, there was an expected decrease of 360 cases in the lowest income group, compared to 40 cases in the highest group. Thus, compared to baseline, where the lowest income group was 4.1 times more likely to experience alcohol-related violence compared to the highest group, this relative risk decreased to an estimated 3.6 with a 10% universal alcohol tax and 3.7 with a 10% beer tax. In Table 3 , we demonstrate the change in alcohol consumption, victimization and homicide by beverage type. Universal alcohol taxes decreased the proportion of heavy drinkers among those who preferred both spirits [from an estimated 38% (PI = 37-38%) to 24% (PI = 23-26%) under a 10% tax] and beer [from 39% (PI = 39-39%) to 28% (PI = 27-30%) under a 10% tax]. Beer taxes alone were less effective than universal taxes, even among those who preferred beer [e.g. a 10% beer tax decreased the proportion of heavy drinkers among those who preferred beer from an estimated 39% (PI = 39-39% to 31% (PI = 29-32%)]. This is due to the overlap between beer and spirit consumption among beer drinkers who are also heavy drinkers. Neither universal nor beer taxes had a substantial impact on overall violent victimization or homicide among those who preferred beer, but we observed demonstrable effects on alcohol-related violent victimization and alcohol-related homicide within each group of beverage consumers. The largest decrease was observed for universal alcohol taxes on alcohol-related homicide among those who prefer spirits. In this group, alcohol-related homicide decreased from an estimated 6.5 (95% PI = 2.8-9.8) per 100 000 to 3.7 per 100 000 (95% PI = 0.33-5.97).
Description of sensitivity analyses and their results
Sensitivity of the results to the choice of key model parameters was assessed using Latin Hypercube sampling of the space of plausible parameter values [47] . The neighborhood weight parameter was correlated with the effect of taxation on light drinking (r = À0.90), heavy drinking (r = 0.86) and alcohol-related violence (r = À0.86), as well as moderately correlated with alcohol-related homicide (r = À0.51). As the neighborhood weight increases, the contribution from individual agent characteristics decreases as the sum of the weights is constrained to equal 1. This implies that the magnitude of the effects of the interventions on the outcomes are dependent upon the amount of weight that is placed on neighborhood versus individual effects. However, allowing the parameters to change over a wide range of values produced consistent directions of results for our alcohol-related outcomes. At the level of taxation implemented in the model, the direction of the effect did not change for alcohol-related outcomes or alcohol-related violence under any parameter combination, and only under six extreme combinations did the direction of the effect for alcohol-related homicide change.
In another analysis, we evaluated the effects of taxation without neighborhood and social network effects. Under a 10% universal tax on alcohol we saw the proportion of heavy drinkers decrease by 22% (from 13.6 to 10.6%), similar to the 21% decrease (from 12.2 to 9.6%) in the main analysis. We saw a 25% decrease (1209.5 per 100 000 to 1160.2 per 100 000) in the model with no neighborhood or social network effects, similar to the 23% decrease observed in the main analysis (1126.7 per 100 000 to 870.3 per 100 000).
DISCUSSION
The present study provides the first simulated experiment of the effects of alcohol taxation on alcohol use and violent victimization, incorporating variation in elasticity across income, beverage types and overall consumption, while simultaneously allowing for alcohol use to be affected, and to affect, social networks, violent interactions and neighborhood influences on alcohol-related risk factors. Under our simulation assumptions we expect that change in alcohol consumption at the population level in a large urban environment, such as NYC, can be sustained with modest increases in universal taxation, and that beer taxes have the strongest effect on population consumption. Alcohol tax increases also have a modest effect on alcohol-related violent victimization, which comprises 30.5% of all victimization events. Importantly, alcohol taxation reduces income disparities in alcohol-related violence, given that taxes have a greater effect on those in the lowest income categories.
Taken together, these results highlight both the efficacy of alcohol taxation as a population approach to community health, and the potential for taxation to be a means to reduce income inequality in alcohol-related harm. Our estimated reductions in alcohol consumption as well as violence, while modest, are slightly greater than have been documented in previous studies. For example, Chaloupska & Wechsler [48] have estimated that increase in beer tax of 10% have an approximately 15% reduction in binge drinking among youth and 15-20% reductions in heavy drinking with substantial tax increases have also been documented elsewhere [11] . With regard to violence, Grossman & Markowitz [49] found that a 10% increase in alcohol price decreased physical fights among college students from 31.2 to 30.2% (an approximately 3% reduction). Our estimates of reductions in alcohol consumption, by contrast, indicate that a 10% increase in price is associated with decreases in heavy drinking of approximately 20% and decreases in alcohol-related violence by 30%. While the populations used in previous studies are heterogeneous (e.g. college students), and thus population compositional differences may underlie some of the observed associations, we note that dynamics in the model also contributed to differences between observed data and our simulation. For example, we allowed for neighborhoods and social networks to affect alcohol, violence and their cooccurrence, which is not only critical, given the extensive literature indicating the importance of neighborhood factors on alcohol and violence [33, 35, 36] , but also to overcome limitations of traditional observational studies which often do not account for correlation of observations in space. While neighborhood and network effects did not substantially impact estimates of the taxation effects, they play a large role in model estimate calibration. Finally, while taxation reduces income inequalities, it does so because those with the highest incomes can afford not to be affected by taxation. As such, the balance between equity and efficiency should be considered carefully; nonetheless, alcohol taxes may have an added benefit of reducing health disparities.
In the United States alcohol taxes have been stagnant for more than 20 years, and the effectiveness of taxes has declined due to inflation at both the federal and state levels [50] . For example, since 1970, the beer tax has decreased in real dollars by more than 70% [51] . Common arguments against raising alcohol taxes is the potential for undue burden against those who are light or moderate consumers, who will not injure themselves or others due to alcohol. However, as our study and others [16, 52, 53] document, the burden of alcohol price increases are greatest among the heaviest consumers, who are at most risk for alcohol-related adverse consequences including violence and victimization. While those at low income are most affected by taxes in terms of consumption, the converse of this is that those in the highest income categories pay the most in alcohol taxes [22, 54] , as they are most likely to continue drinking even at higher price points. Alcohol tax increases would be a net gain for public health, reducing consumption and related consequences, especially if substantial, sustained and widespread.
These findings should be considered across limitations. As in all simulations, our results are dependent upon a series of modeling assumptions and the quality of the parameters that we used from existing data. For example, we assumed that the effects of taxation were constant over time, and that the only sources of variation in alcohol taxation effects were income, beverage type and level of consumption. However, we note that the available empirical literature makes similar assumptions when modeling policy effects [55] . Further, we note that alcohol taxation is a well-suited policy under which to develop an agent-based model, as meta-analytical estimates are based on more than 100 empirical studies, and that our outcomes of alcohol use and violence are well-defined and well-studied, suggesting that empirical estimates are strong in support of the model validity. While we included social network effects in our model, we assumed for simplicity that social networks were static. Thus, our model is a first step in estimating the contribution of social networks, and further elaboration of social networks over time is an important future direction. Further, the violence dynamics in our model were based on the proximity of potential perpetrators to victims, and crime was deterred only in the presence of police. Sources of informal surveillance such as number of bystanders also may deter crime, thus we do not fully represent all dynamics of crime occurrence and deterrence. Nevertheless, central dynamics of victimization based on a routine activities model [42] were represented in the model, thus our model represents again a first step in simulating violent interactions.
Data were drawn from a variety of sources; we based our data sources in NYC to the extent possible, but to the extent that parameters were not available we relied upon national (e.g. violent perpetration) sources and assumed that the strength of associations would be similar in NYC. We deviated from this general approach for several sources, including movement across neighborhoods, which was calibrated using high-quality longitudinal data from the Panel Study on Income Dynamics. As more data sources become available that allow estimation of movement specific to our model locations, we will be able to conduct more local estimation. Further, our model was calibrated to represent the population of NYC in the year 2000, because many of the data sources that we used for calibration were also collected around a similar time. Demographic changes in NYC have occurred since 2000, but are variable across all neighborhoods and buroughs, thus using data collected in 2000 applied to neighborhoods with different demographics than when data were collected may introduce bias. To the extent that population dynamics change the demographics of NYC, our results may not generalize to the current population of NYC. However, we conducted extensive calibration and sensitivity analyses of key parameters and assumptions, mitigating concerns about the dependence of the model results on assumptions. We were able to replicate distributions of key parameters. While the weight that is given to neighborhood versus individual parameters in our equations are correlated with taxation effects, the magnitude of effects decreased but the direction of results did not change among a range of sensitivity analyses. Finally, the model was specific to NYC; hence, generalizability to other contexts may be limited.
In summary, based on a simulated experiment wherein alcohol taxation increased in New York City, we were able to demonstrate robust and strong effects of taxation on alcohol consumption as well as sustained effects on alcoholrelated violence when alcohol taxes are increased by at least 10%. Our results underscore that alcohol taxation remains a policy intervention that is likely to improve public health.
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